A pplying molecular genetics to questions of early human population history, and hence to major issues in prehistoric archaeology, is becoming so fruitful an enterprise that a new disciplinearchaeogenetics-has recently come into being. That many of its applications have so far related to prehistoric Europe (1) is due in part to the detailed archaeological attention devoted to Europe by a series of nineteenth and twentieth century scholars (2) . It is also due in part to the early application of a specific demographic model, the ''wave of advance'' (3), to explain the chronological patterning that emerged as farming spread across Europe at the onset of the neolithic period (4) and to elucidate the structuring resulting from an early principal components analysis of the classical genetic markers for Europe (5, 6) . The application of DNA sequencing, permitting female lineages to be investigated through mtDNA (7) and male lineages through the Y chromosome (8) , has already brought a series of new questions into perspective, generating lively debate (9, 10) . The time is ripe, therefore, for more closely focused regional studies, devoted to specific historical problems. The paper by Wilson et al. (11) in this issue of PNAS breaks new ground in investigating one such early demographic episode, the Viking conquest of the Orkney Islands ( Fig. 1) in the ninth century A.D. It also raises a number of general problems that emerge when reconstructing demographic history.
The archaeological record in the Orkney Islands (12) bears out the picture conveyed in the Norse sagas (13) that Viking princelings from Scandinavia took control of Orkney, establishing the dynasty of the Norse earls. Because that record indicates considerable continuity from the preceding Pictish period as well as Norse innovations, it has always been a matter for surprise that the surviving place names of Orkney so comprehensively reflect the Norse language of the Viking incomers, with hardly any surviving Pictish toponyms (14) . These toponyms do, however, survive in the Highlands of the Scottish mainland immediately to the south. It is thus highly interesting that Wilson et al. (11) find their Orkney Y chromosome sample to be intermediate between their Irish and Welsh samples on the one hand (which they assume to be representative of pre-Norse Orkney also) and, on the other, the sample from Norway (the Viking homeland). This is a very suggestive finding. Note, however, that the term ''Celtic'' with which the authors designate the Irish and Welsh samples is a linguistic one that could also be used for the (pre-Norse) Pictish population of Orkney whose little-understood language is currently assigned to the Celtic language family (15) .
A further important development in archaeogenetics reflected in this paper is the remarkable long-term continuity in the use of surnames as secure indicators of paternal lineage, as has previously been observed in Ireland by Hill et al. (16) , where significant genetic differences were noted between Gaelic and nonGaelic surname samples. In one province (Connaught) the Gaelic surname samples showed a frequency of 98% for haplogroup 1, relating to the Atlantic Modal Haplotype discussed in the Orkney study reviewed here (11) . A consideration of Orcadian surnames, excluding those associated with Scottish settlers subsequent to the fourteenth century A.D., allows 38% of the (male) chromosomes to be identified as Scandinavian in origin.
It is unfortunate, however, that the general underlying similarity in the mtDNA haplogroup distributions in European populations (17) was reflected in an apparent lack of structure in the samples analyzed, so that no evidence is available to indicate whether an equivalent female population from Norway accompanied the male migrants inferred from the Y chromosome haplogroup frequencies. There may, however, be more work to be done here because the principal components analysis undertaken on the mtDNA data (figure 2 of ref. should be observed that the analysis here has proceeded without the use of samples from mainland Britain: the samples considered are from peripheral islands (Orkney, Ireland, and Anglesey). Although the question that they pose is an entirely valid one, there would clearly be need of a more ambitious sampling strategy to begin to formulate a definitive answer. The matter is underlined, so far as the neolithic is concerned, by the circumstance that the Orkney Islands may well have lacked any permanent population until the arrival of neolithic settlers (18) . This, like the inception of the neolithic period in Crete (19) , is one instance where the movement of females as well as males seems an indispensable assumption! There is another important finding in the paper by Wilson et al. that is both interesting in itself and leads them to an argument whose inferential foundations may be questioned. They rightly emphasize the strong similarity in the Y chromosome haplogroup frequencies between the Basque country, and the Welsh and The first problem is the inference that, if the Irish, Welsh, and Basque Y chromosome haplotype frequencies are closely similar today and may have been so in Upper Palaeolithic times, then no significant gene flow into Ireland and Wales in the male line occurred at the onset of the neolithic. As noted above, very significant gene flow could have occurred at that time without notable impact on haplotype frequencies if the donor and receptor populations were themselves not distinguishable in that respect. Such may well have been the case. The second problem lies with the mitochondrial data and with the conclusion that the female-mediated gene flow inferred must have occurred ''since the Upper Palaeolithic.'' This conclusion rests on the implicit assumption that much of the variability now seen in mtDNA haplogroup distributions entered Europe since the Upper Paleolithic, an assumption developed in the original ''wave of advance'' model (4, 5) but one contested in subsequent mtDNA studies (20) .
These remarks are not intended as a criticism of the paper by Hill et al. (16) , nor of the original ''wave of advance'' model for demic diffusion, but rather to suggest the need for a ''second generation'' wave of advance model that will take into account not only the cultural interactions between the incoming farmers (initially from Anatolia to Greece) and the indigenous population, but also the genetic and demographic consequences of the intermarriages between the two groups. Already the Y chromosome data produced in the important paper by Semino et al. (21) clearly show a decline from southeast to north-west Europe in the frequency of the supposed ''neolithic'' haplogroup. If we imagine that, through assimilation and intermarriage, an actively farming community in a region to which farming had recently spread contained, T centuries after the inception there of farming, a genetic input of X% (say 10%) from the indigenous mesolithic population and retained (100-X)% (i.e., 90%) genetic input deriving from the adjacent source area from which the most recent stage of the spread occurred, we have the basis for a model, the Staged PopulationInteraction Wave of Advance (SPIWA). Such assumptions could yield an exponential decline across Europe (along the direction of spread) in the frequency of the ''incomer-farmer'' genes as against the indigenous mesolithic genes (which are assumed as a first approximation to be homogeneous). The SPIWA model addresses the same general problem as the ''wave of advance'' demic diffusion model of Ammerman and Cavalli-Sforza (3) but brings into direct consideration the interactions between the indigenous mesolithic population and the incoming farmers whose demographic progress was considered in the original model. The ''neolithization'' process is here viewed as a series of successive steps or stages, in each of which the incoming farming population interacts (culturally and genetically) with the local mesolithic population. Population growth takes place with the inception of farming as in the original model, but the fall-off in gene flow (and the clinal reduction) is exponential rather than linear, a pattern more in keeping with recent Y chromosome work (21) . Moreover, it should be observed that, if the indigenous gene frequencies happened at the outset to be the same as those of the incoming neolithic farmers, the entire ''wave of advance'' could take place, precisely as in the original model, without any impact on the haplotype frequencies at all. Very significant gene flow could indeed occur, as in the original model, but the similarities or equivalence between donor and receptor haplotype frequencies would make the process invisible to gene frequency analysis.
It is not, of course, suggested here that such crude models could approximate to the complex reality of prehistoric Europe, but simply that we need to construct further models appropriate to that task. The paper by Wilson et al., with its well-defined regional focus, certainly draws attention to many of the right questions. With the increasing availability of data for both male (Y chromosome) and female (mtDNA) variability in Europe (21, 20) , the way will increasingly be open for useful regional studies of this kind.
